Telluroperite, Pb 3 Te 4+ O 4 Cl 2 , is a new tellurite from Otto Mountain near Baker, California. The new mineral occurs on fracture surfaces and in small vugs in brecciated quartz veins in direct association with acanthite, bromine-rich chlorargyrite, caledonite, cerussite, galena, goethite, and linarite. Various other secondary minerals occur in the veins, including six new tellurates, housleyite, markcooperite, paratimroseite, ottoite, thorneite, and timroseite. Telluroperite is orthorhombic, space group Bmmb, a = 5.5649(6), b = 5.5565(6), c = 12.4750(14) Å, V = 386.37(7) Å 3 , and Z = 2. The new mineral occurs as rounded square tablets and flakes up to 0.25 mm on edge and 0.02 mm thick. The form {001} is prominent and is probably bounded by {100}, {010}, and {110}. It is bluish-green and transparent, with a pale bluish-green streak and adamantine luster. The mineral is non-fluorescent. Mohs hardness is estimated to be between 2 and 3. The mineral is brittle, with a curved fracture and perfect {001} cleavage. The calculated density based on the empirical formula is 7.323 g/cm 3 . Telluroperite is biaxial (-), with very small 2V (~10°). The average index of refraction is 2.219 calculated by the Gladstone-Dale relationship. The optical orientation is X = c and the mineral exhibits moderate bluish-green pleochrosim; absorption: X < Y = Z. Electron microprobe analysis provided PbO 72.70, TeO 2 19.26, Cl 9.44, O≡Cl -2.31, total 99.27 wt%. The empirical formula (based on O+Cl = 6) is Pb 2.79 Te The crystal structure (R 1 = 0.056) is based on the Sillén X 1 structure-type and consists of a three-dimensional structural topology with lead-oxide halide polyhedra linked to tellurium/lead oxide groups. The mineral is named for the relationship to perite and the dominance of Te (with Pb) in the Bi site of perite.
AbStRAct
Telluroperite, Pb 3 Te 4+ O 4 Cl 2 , is a new tellurite from Otto Mountain near Baker, California. The new mineral occurs on fracture surfaces and in small vugs in brecciated quartz veins in direct association with acanthite, bromine-rich chlorargyrite, caledonite, cerussite, galena, goethite, and linarite. Various other secondary minerals occur in the veins, including six new tellurates, housleyite, markcooperite, paratimroseite, ottoite, thorneite, and timroseite. Telluroperite is orthorhombic, space group Bmmb, a = 5.5649(6), b = 5.5565(6), c = 12.4750(14) Å, V = 386.37(7) Å 3 , and Z = 2. The new mineral occurs as rounded square tablets and flakes up to 0.25 mm on edge and 0.02 mm thick. The form {001} is prominent and is probably bounded by {100}, {010}, and {110}. It is bluish-green and transparent, with a pale bluish-green streak and adamantine luster. The mineral is non-fluorescent. Mohs hardness is estimated to be between 2 and 3. The mineral is brittle, with a curved fracture and perfect {001} cleavage. The calculated density based on the empirical formula is 7.323 g/cm 3 . Telluroperite is biaxial (-), with very small 2V (~10°). The average index of refraction is 2.219 calculated by the Gladstone-Dale relationship. The optical orientation is X = c and the mineral exhibits moderate bluish-green pleochrosim; absorption: . Detailed information on the mining history, geology, mineralogy, and mineral paragenesis of the deposit, as well as the discovery of the new minerals, is provided in Kampf et al. (2010b) .
Telluroperite is isostructural with perite, PbBiO 2 Cl, and nadorite, PbSbO 2 Cl. As described below, charge balance requires that Te 4+ and Pb 2+ jointly occupy the Bi 3+ /Sb 3+ site. The name "telluroperite" was chosen in preference to "telluronadorite" because perite also occurs at this locality and because the cell parameters of the new mineral are much closer to those of perite and their powder-diffraction patterns are almost identical. Telluroperite and most the other secondary minerals of the quartz veins are interpreted as having formed from the partial oxidation of primary sulfides (e.g., galena) and tellurides (e.g., hessite) during or following brecciation of the quartz veins. The Cl may be sourced in part from primary phases; however, it is most likely from salty brines interacting with primary tellurides. Porter and Halasyamani (2003) synthesized telluroperite by combining Pb 3 O 2 Cl 2 with TeO 2 at 575 °C for 1 day, which resulted in the production of an off-white powder. Similar temperatures have been used to synthesize other tellurium-bearing oxysalts (e.g., Mill' 2009a Mill' , 2009b Mills et al. 2010) ; however, natural telluroperite almost certainly crystallized at ambient temperatures.
phySicAl And opticAl pRopeRtieS
Telluroperite commonly occurs as thin somewhat rounded square plates and flakes up to 0.25 mm on edge and 0.02 mm thick (Fig. 1) . The form {001} is prominent and is bounded by several other forms; {100}, {010}, and {110} are most likely based upon the visual examination of SEM images.
Telluroperite is bluish-green and transparent, with a pale bluish-green streak and adamantine luster. The mineral is nonfluorescent. The Mohs hardness is estimated at between 2 and 3. The tenacity is brittle and the fracture is curved. Cleavage is perfect on {001}. The density could not be measured because it is greater than those of available high-density liquids and there is insufficient material for physical measurement. The calculated density is 7.323 g/cm 3 for the empirical formula. In dilute HCl acid, telluroperite immediately decomposes, turning white and opaque, and then dissolves slowly.
Telluroperite is biaxial (-); however, the indices of refraction are higher than the available high-density reference liquids. The measured 2V is very small (~10°), indicating only a small departure from tetragonal symmetry (see crystal structure discussion below). The Gladstone-Dale relationship (Mandarino 1981) predicts n av = 2.219. The observed retardation (using a Berek compensator) and thickness in the X optical direction (acute bisectrix), provides the β-γ birefringence of about 0.005. Based on the foregoing, the calculated indices of refraction are α = 2.091, β = 2.237, and γ = 2.242. The optical orientation of telluroperite is X = c; however, because of the near equivalence of the a and b cell dimensions, it was not possible to unambiguously assign the Y and Z optical directions. Telluroperite exhibits moderate bluish-green pleochrosim with absorption: 
X-RAy cRyStAllogRAphy And StRuctuRe deteRminAtion
Both powder and single-crystal X-ray diffraction data were obtained on a Rigaku R-Axis Spider curved imaging plate microdiffractometer utilizing monochromatized MoKα radiation. The powder data presented in Table 1 show good agreement with the pattern calculated from the structure determination.
The Rigaku CrystalClear software package was used for processing the structure data, including the application of an figuRe 1. SEM image of telluroperite (FOV 165 µm across). empirical absorption correction. The structure was solved by direct methods using SHELXS-97 and refined, with neutral atom scattering factors, using SHELXL-97 (Sheldrick 2008) . Large electron density residuals suggested some disorder in the structure. The largest residual is 8.356 e/Å 3 at (0, 1/4, 0.029), 0.84 Å from the Te/Pb site. Efforts to model this residual as a partially occupied Te site were unsuccessful. The refinement problems may, in part, be the result of an imperfect empirical absorption correction, another effect of which might be the very anisotropic nature of the Cl ellipsoid [U 33 = 0.000(4)].
After the structure was solved we noticed the relationship to the so-called Sillén X 1 -type lead tellurium oxyhalides, of formula Pb 3 Te 4+ O 4 X 2 (Porter and Halasyamani 2003; Charkin et al. 2006) , as well as to the minerals perite (Gillberg 1960 ) and nadorite (Giuseppetti and Tadini 1973) . Porter and Halasyamani (2003) O 4 Cl 2 ; the minor differences are probably ascribable to the differences between the Rietveld and single-crystal methods.
The details of the data collection and the final structure refinement are provided in Table 2 . The final atomic coordinates and displacement parameters are in Table 3 . Selected interatomic distances are listed in Table 4 and bond valences in Table 5 . CIF and structure factors on deposit 1 .
deScRiption of the StRuctuRe
Telluroperite possesses the Sillén X 1 structure-type (Sillén and Melander 1941) To consider the relationship between the stoichiometries of telluroperite, perite and nadorite, the formulas of all three minerals must be expressed in terms of two formula units per unit (Kraus and Nolze 1996) . d calc based on the cell from the crystal-structure determination. Refinement of the cell from the powder data (*) using UnitCell (Holland and Redfern 1997) , which has a mixed Te/Pb site, ideally with a 50:50 ratio of Te to Pb. In our refinement of the telluroperite structure, the occupancy of the Te/Pb site did indeed refine to 50(3):50(3).
As noted above, both orthorhombic and tetragonal polymorphs of the Sillén X 1 structure-type are known. Naturally occurring perite, PbBiO 2 Cl, and nadorite, PbSbO 2 Cl, both have orthorhombic cells, as does telluroperite; however, the synthetic equivalents of perite (Ketterer and Krämer 1985) and telluroperite (Charkin et al. 2006 ) were reported to be tetragonal. Furthermore, Deschanvres et al. (1970) showed that by increasing the Sb:Bi ratio in synthetic nadorite, the structure transitioned from orthorhombic to tetragonal. It is possible that examining many various natural samples of perite, nadorite, and telluroperite will show that both orthorhombic and tetragonal polymorphs exist in nature; however, investigations to date suggest that orthorhombic variants are preferred under ambient conditions.
The cations Pb 2+ and Te 4+ both have lone-electron pairs and typically are positioned off-center in their coordination polyhedra (e.g., Moore 1988; Cooper and Hawthorne 1996; Back et al. 1999) . In telluroperite, the PbO 4 Cl 4 and (Te,Pb)O 4 Cl 4 coordination polyhedra are modified square antiprisms with short bonds to four O atoms and much longer bonds to four Cl atoms (Table  4 ; Fig. 3 figuRe 2. Structure of telluroperite. Small white spheres are Pb, small gray spheres are Te/Pb, large white spheres are O, and large gray spheres are Cl. of the Te 4+ closer to the O atoms and the large electron-density residuals, noted above, deserve further consideration in this respect. The largest residual, 0.84 Å from the Te/Pb site, is 1.95 Å from four O atoms and is 3.89 Å (×2) and 3.94 Å (×2) from four Cl atoms. Placing Te at this site yields a BVS of 4.16 v.u. In spite of our failure to refine this residual as a partially occupied Te site, if we assume that Te is split between this site and the Te/ Pb site, bond-valence summations can be reconciled.
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